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NASA TT F-11,203 

TABLES OF MAXIMUM ENERGIES OF CHARACTERISTIC 6-DECAY 

V. Loessner 

ABSTRACT. The maximum energies  c h a r a c t e r i s t i c  of 
B-decays are given f o r  120 isotopes arranged by order  
of energy. 
known beta-emit t ing i so topes  i f  t h e  maximum energy i s  
measured. 

The t a b l e  can b e  used i n  iden t i fy ing  un- 

The fol lowing t a b l e  conta ins  the  maximum energy c h a r a c t e r i s t i c s  of B-decays 

I n  addi t ion ,  d a t a  are given regarding t h e  decay frequency, ha l f  
of about 120 common nucl ides .  
d ing  t o  energy. 
l i f e ,  o the r  8- and B+ decays of t h e  corresponding nuc l ide ,  e l e c t r o n  capture ,  y- 
energ ies ,  end products and mother substances.  The d a t a  contained i n  the  t a b l e  
are taken from t h e  " In t e rna t iona l  Directory of Isotopes" (Ref. 1). The "Nuclear 
Data Sheets"(Nationa1 Research Council, Washington 25, D.C.) up t o  June 1964 are 
contained i n  i t .  Data which are not  shown (Ref.1) are taken from t h e  book 
Landolt-Bbrnstein, New S e r i e s  (Ref. 2), i n  which t h e  d a t a  shown i n  the  "Nuclear 
Data Sheets" up t o  the  f a l l  of 1960 have been processed. 

The se lec ted  maximum &energies  are ordered accor- 

The a n a l y s i s  of t h e  B-radiation is important i n  the  i d e n t i f i c a t i o n  of un- 
known nucl ides  o r  nuc l ide  mixtures.  
metry wi th  a NaJ(T1) c r y s t a l ,  which has been developed through a s tandard method, 
i s  s u f f i c i e n t  f o r  the  i d e n t i f i c a t i o n .  However, o f t e n  y- rad ia t ion  i s  e i t h e r  no t  
p re sen t ,  cannot be r e a d i l y  measured, o r  is  s o  complex t h a t  t h e  r e s o l u t i o n  i n  
terms of energy of the  s c i n t i l l a t i o n  measurement device i s  too  low t o  sepa ra t e  
the  l a r g e  number of y-energies. 
g ive  important information f o r  i d e n t i f i c a t i o n  purposes. 
B-analysis have r ecen t ly  been considerably extended by improved methods i n  
scintillation-@-spectrometry [we would e spec ia l ly  l i k e  to mention t h e  f a s t  method 
of Gleu, Hoyer and KLinig (Ref.3)l  and i n  semiconductor spectrometry.  Even simple 
methods (Ref.4), such as range measurements, determinat ion of t h e  absorpt ion 
c o e f f i c i e n t ,  measurement of back s c a t t e r i n g ,  e tc . ,  g ive  use fu l  r e s u l t s .  However, 

I n  many cases, scintillation-y-spectro- 

I n  t h i s  case the  ana lys i s  of t h e  @-radia t ion  can 
The p o s s i b i l i t i e s  of 

t h e r e  are no g r e a t  p o s s i b i l i t i e s  f o r  separa t ing  several B-components. /2 
I n  order  t o  a s s o c i a t e  t he  corresponding nuc l ide  wi th  the  maximum energy 

determined from the  B-analysis, i t  is very use fu l  t o  have a t a b l e  i n  which t h e  
B-decays are ordered according t o  t h e i r  maximum energy. 
a t a b l e  must be  r e l a t e d  t o  i t s  usefulness ,  i t  i s  f i r s t  necessary t o  make a selec- 
t i o n  of t he  nuc l ides  t o  be  tabula ted  and t o  then make a s e l e c t i o n  from t h e i r  
maximum B-energies. 

Since t h e  s i z e  of such 

I n  the  present  t a b l e ,  almost a l l  nucl ides  mentioned i n  (Ref.  1 )  w e r e  

Nuclides, which only show a - rad ia t ion  
included. 
were given s p e c i a l  considerat ion.  

The nuc l ides  used i n  app l i ca t ions  i n  the  German Democratic Republic 

*Note: Numbers i n  the  margin i n d i c a t e  paginat ion i n  the  o r i g i n a l  fo re ign  t e x t .  
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o r  e l e c t r o n  capture  are no t  contained i n  t h e  t a b l e .  
& t r a n s i t i o n s ,  then the l a r g e s t  maximum energy i s  entered  i n  the t a b l e ,  un less  
i t s  i n t e n s i t y  is  too s m a l l .  I n  addi t ion,  sometimes one o r  two a d d i t i o n a l  
maximum ene rg ie s  are s e l e c t e d  i f  t h e  energy is  l a rge .  These one t o  t h r e e  
c h a r a c t e r i s t i c  maximum @-energies are ordered according t o  energy. A l l  the 
o t h e r  important decay d a t a a r e g i v e n  a f t e r  t h e  t abu la t ed  maximum energy i n  
complete form. The cont inua t ion  of those d a t a  pe r t a in ing  t o  a given 6-energy 
on t h e  nex t  page i s  ind ica t ed  by t h e  sign +) i n  t h e  column "Subsequent Products,  
Mother Products". 

I f  the nucl ide  has several 

Explanat ion of t h e  Ind iv idua l  Columns: 

1. "Energy" 
This column contains t h e  s e l e c t e d  maximum energ ies -of  B-radiating 

nuc l ides  i n  t h e  order  of i nc reas ing  energy. 
ve r s ion  e l e c t r o n  energ ies  are not  given. 

The e n t r y  i s  given MeV. The con- 

+ 
B ) and t h e  frequency of t h e  t r a n s i t i o n  

2. "Decay, Frequency" 
The n a t u r e  of t h e  decay (6- o r  

i n  percent  are given (as r e l a t e d  t o  t h e  t o t a l  decay rate of 100%) f o r  t h e  
maximum energ ies  shown i n  column 1. 

3. 1 1 ~ ~ ~ 1 1  

I n  this column the h a l f  l i f e t i m e  of t h e  decaying nuc l ide  i s  given. 12 
4. "Nuclide" 
The element symbol and t h e  mass number of t h e  decaying nucleus are shown 

here.  

+ 
I 5. "Other 8- and 6 Energies and E C ,  Frequency" 

I n  a d d i t i o n  t o  t h e  energ ies  tabula ted  i n  column 1, a l l  o the r  maximum 
a r e  given wi th  t h e i r  p e r c e n t i l e  con t r ibu t ion  energ ies  of f3- - and B+-decays 

( i n  b racke t s )  t o  t h e  t o t a l  decay rate of 100%. I n  genera l ,  decays whose 
i n t e n s i t y  i s  less than  1% a r e  usua l ly  not entered. 

Elec t ron  capture  i s  s p e c i f i e d  by the symbol EC (Elec t ron  Capture), and i t s  
frequency is  given by the  following percent i n  bracke ts  ( r e l a t e d  t o  t h e  t o t a l  
decay rate of 100%). 

6. 
The most important energ ies  of t h e  accompanying y- rad ia t ion  are given h e r e  

y-Energies , Frequencies, Frequency of I C "  

as w e l l  as t h e i r  frequency ( i f  t h e  da t a  are a v a i l a b l e )  i n  percent  ( a l s o  r e f e r r e d  
t o  t h e  t o t a l  decay rate of 100%). 
percentage of 100% can be exceeded. I f  i n s t e a d  of a quantum emission t h e r e  i s  
an " i n t e r n a l  conversion" (IC),  t he  frequency of i t  i s  given j u s t  a f t e r  t h e  
corresponding y-energy i n  a sepa ra t e  column. 
numbers (y + I C )  g ives  t h e  t o t a l  cont r ibu t ion  of t h i s  t r a n s i t i o n .  I n  t h e  case 

I n  the  case of y c a s c a d e s ,  t h e  t o t a l  

The add i t ion  of both percentage 

of metas tab le  
are c a l l e d  I T  

states, t h e  t r a n s i t i o n s  
(isomeric t r a n s i t i o n ) .  

t o  nuc lea r  l e v e l s  which have lower energ ies  

2 



7. "End Products,  Mother Substance" 
I f  t h e  end products which are created i n  t h e  nuc lear  decay are no t  s t a b l e ,  

then they ,as  w e l l  as t h e  r a d i a t i o n s  which occur during these  decays a r e  shown i n  
the  following order :  
end products . i n  brackets ,and then t h e  accompanying 
la t te r  are given i n  more d e t a i l  i n  some cases.  

Element symbol with m a s s  number, the ha l f  l i f e  of t h e  
r a d i a t i o n s  a r e  shown. The 

The frequency of "Inner Conver- 
sion" (IC) is  given i n  / / - i n  brackets.  14 

I f  the nucl ide  i n  ques t ion  can be produced by t h e  decay of another nuc l ide ,  
t h e  "mother substance" and i t s  rad ia t ions  are given i n  the  same form as 
t h e  end products. 
whose h a l f  lives are l a r g e r  than, o r  have t h e  same order  of magnitude as, those  
of t h e  t abu la t ed  nuc l ides .  

I n  genera l ,  only those mother substances are mentioned 

8. "Number" 
The region of app l i ca t ion  of t h i s  t a b l e  can be considerably extended wi th  

only a s m a l l  amount of a d d i t i o n a l  e f f o r t .  
nuc l ides  shown i n  t h e  t a b l e  i n  order of i nc reas ing  m a s s  number. 
nuc l ide  t h e r e  i s  a number i n  b racke t s ,  which is used as a running number i n  t h e  
t a b l e .  
c e r t a i n  nuc l ide .  

I n  t h e  following, w e  g ive  all t h e  
Af te r  each 

It then becomes poss ib l e  t o  f ind any d a t a  of i n t e r e s t  t h a t  go wi th  a 

The following nuc l ides  are shown i n  t h e  t a b l e :  
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102m (101) 

lo3Ru (14) 

lo5m (50) 

lo5Ru (104) 

lo6Ru (2) 

(152) 

lo9Pd (93) 

llomAg/lloAg (46) 

lll& (94) 

114m1~/%n (133) 

11%n/115~n (41) 

ll%d (125) 

'15Cd (56; 99) 

121Sn ( 2 9 )  

1 2 2 ~  ( l l G 6  132) 

123Sn (117) 

124Sb (611 143) 

124J (139) 

125Sb ( 5 ,  21; 60) 

1265 (83j 108) 

lnmTe/lnTe (71) 

13%e (25) 

133J (106) 

134Ce (64) 

137Ca (444 105) 

lqoBe (42; 91) 

1401.a (113; 140) 

l4lCe (32; 51) 

'4*~r  (1%) 

14%r (86) 

14%e (98; 114) 

144Ce (12; 23) 

"4h. (149) 

lq7P, (16) 

147Nd (79) 

149pm (96) 

52"su (131 1 
152Eu ($4; 120) 

153Qm (728 78) 

154Eu (53; 130) 

155Eu (7; 17) 

l 5 % u  (145) 
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